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(54) LITHIUM TANTALATE SINGLE CRYSTAL HAVING STOICHIOMETRIC COMPOSITION, ITS 
PRODUCTION AND OPTICAL ELEMENT USING THE SAME 

(57)Abstract : 

PROBLEM TO BE SOLVED: To produce a lithium tantalate single crystal which has a 
shorter wavelength at the fundamental absorbtion edge than a specified value and is 
transparent over a range including the ultraviolet region and has an enhanced 
photorefractive effect on an ultraviolet laser without adding any additive and 
further, excellent light transmission characteristics over a range including the 
ultraviolet region by specifying the molar fraction of Li20 (i.e., 
Li20/(Ta205+Li20)) . 

SOLUTION: This single crystal which has a <280 nm wavelength at the fundamental 
absorption edge and an Li20 molar fraction (i.e., Li 20/(Ta20+Li 20)) of 0.495 to 
0.50, is produced by performing crystal growth from a melt with a pulling-up method. 
Since the single crystal has high crystal integrity and shows lesser light 
scattering, by using this single crystal, a wavelength conversion element having 
high efficiency and excellent performance over the range from the ultraviolet region 
to visible short wavelength region, can be obtained. Also, in the lithium tantalate 
single crystal, a transition metal such as iron or rhodium is added as an impurity 
to enhance functions with respect to light absorption and diffraction of the single 
crystal. The lithium tantalate single crystal is grown from a lithium tantalate melt 
composition that has an Li20 molar fraction of 0.40 to 0.60 and further contains 
potassium added, or from another lithium tantalate melt composition that has an Li20 
molar fraction of 0.56 to 0.60 and contains no potassium. 
* NOTICES * 

JPO and INPIT are not responsible for any 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

;claim(s)] 

Xlaim 1]A photorefractive effect is strengthened to ultraviolet radiation laser 
without a fundamental absorption end is smaller [ than 280 nm ] transparent to an 
ultraviolet radiation region and adding an additive, A stoichiometry presentation 
lithium tantalate single crystal, wherein molar fractions of Li 20/(Ta205+l_i 20) are 
0.495-0.50. 

[Claim 2]Add transition metals, such as iron or rhodium, and a photorefractive 
effect is increased from ultraviolet radiation in a light region, The stoichiometry 
presentation lithium tantalate single crystal according to claim 1, wherein molar 
fractions of Li 20/(Ta205+Li 20) are 0.495-0.50. 

[Claim 3]A melt presentation which added solvents, such as potassium, to 
Li 20/(Ta205+Li 20) =0.40 - 0.60 in a process of manufacturing a lithium tantalate 
single crystal, Or from a melt presentation which does not add solvents, such as 
potassium, to Li 20/(Ta205+Li 20) =0.56 - 0.60. Excel in optical homogeneity and. A 
manufacturing method of a stoichiometry presentation lithium tantalate single 
crystal in which a molar fraction of Li 20/(Ta205+Li 20) is characterized by raising a 
crystal of a stoichiometry presentation of 0.495-0.50 at temperature of 1600 ** or 
less. 

[Claim 4]An optical element for optical diffraction using a stoichiometry 
presentation lithium tantalate single crystal of a statement for claim 1 or either 
of 2 as an optical element in a device which writes in and memorizes a hologram 
diffraction grating and is read by optical diffraction in a single crystal using a 
laser beam. 

[Claim 5]An optical element for phase conjugate mirrors characterized by using a 
stoichiometry presentation lithium tantalate single crystal of a statement for claim 
1 or either of 2 in order to compensate phase distortion of a laser beam of a 
visible range from ultraviolet. 

[Claim 6]ln an optical element for SHG which generates a second harmonic by passage 
to a nonlinear optical crystal by making emitted light from a laser light source 
into a fundamental wave, An optical element for SHG to which claim 1 or a 
fundamental absorption end given in either of 2 is characterized by using a 
stoichiometry presentation lithium tantalate single crystal which has a Tight 
transmission characteristic in a light region from ultraviolet shorter than 280 nm. 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 
lOOOl] 

^Field of the lnvention]Thi s invention relates to the lithium tantalate (LiTa03) (it 
is written as LT below) single crystal used in the field of optical measurement 
control, optical information processing, optical working art, a light filter, etc. 
using a laser beam. An LT monocrystal , wherein permeability has an optical 
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diffraction function by the highly outstanding photorefractive effect to an 
ultraviolet radiation region in more detail, The diffraction efficiency using the 
manufacturing method and LT monocrystal is related with the three-dimensional 
hologram optical recording which was highly excellent in speed of response, a phase 
conjugate mirror, and the optical element for efficient SHG which can be generated 
to an ultraviolet radiation region. 
;0002] 

^Description of the Prior Art]An LT monocrystal is a with the melting point of about 
:.650 **, and a Curie temperature of about 600 ** ferroelectric crystal, and is 
usually raised by the Czochrlski method from the melt melted within the iridium 
crucible in the reducing atmosphere containing some oxygen. Although the detailed 
phase diagram of the LT monocrystal is not reported, it is well known like LN single 
crystal that a stoi chi ometry presentation (stoichiometric composition) and a 
KONGURUENTO presentation (congruent melting presentation) are not in agreement. 
Since only a KONGURUENTO presentation is a presentation which a melt presentation 
and a crystal presentation are in agreement, and can raise the crystal of uniform 
composition over the whole crystal, the crystal which is manufactured by the various 
application and used for it is all a crystal of a KONGURUENTO presentation now. In 
order are cheap from an industrial field and to supply LT crystal of a large caliber 
especially, Since it is important to raise from the KONGURUENTO presentation melt 
managed precisely, the KONGURUENTO presentation of the LT monocrystal is precisely 
decided between Li20/(Ta205+Li20) =48.30 - 48.53 according to the complete process 
cycle of crystal training. (For example, the optical crystal written by Shintaro 
Miyazawa , Baifukan [ Detailed description is given to 261-275 pages. ]) Since the 
raised KONGURUENTO LT monocrystal is probably in a region state, after training, it 
maintains a crystal more than Curie temperature, and performs single domain-ized 
processing by an applied electric field annealing method. Then, a crystal is 
processed into wafer form or block like shape, and is used in large quantities as a 
substrate of a surface acoustic wave device or an optical element. Since a such 
comparatively cheap and large-sized crystal has the electromechanical coupling 
coefficient which was excellent in addition to the ability to obtain easily, the LT 
monocrystal of the KONGURUENTO presentation is widely put in practical use as 
frequency filter substrate materials, such as video and a cellular phone, now. 
[0003]An LT monocrystal has the outstanding electrooptic effect and nonlinear 
optical effect, and, as for the crystal of a high grade, a photorefractive 
phenomenon cannot occur as easily as a lithium niobate single crystal (LiNb03) (it 
outlines the following LN) , stable, even if it irradiates with a strong laser beam 
— various optical element application, such as an SHG element and an optical 
modulator, is also studied from things. An LT monocrystal as well as LN single 
crystal is the material known for many years also as a photorefractive material in 
which an optical induction refractive index change increases by adding impurities, 
such as iron. It supposes that it is as a photorefractive material, and potassium 
niobate, barium titanate, stronti um-niobate barium, silicic acid bismuth, a gallium 
arsenide single crystal, etc. are well known in addition to LT and LN single 
crystal. The nonlinear-refractive-index change at the laser beam of about several 
milliwatts low power with the big feature of a photorefractive effect is obtained, 
Since optical absorption is small, it is in having unique various character which is 
not in other non-linear optical materials, such as that large interaction length can 
be taken, that visible or a nonresonant target has sensitivity in a ******** optical 
area, and being a non-local refractive index change. Then, the application to 
opti cal -opti cat amplification, an unnecessary autoexci tation type phase conjugate 
mirror of external pump light, an image light operation, a multiplex recording 
holograph digital memory, etc. using these features is studied and developed. ~ 
"0004] 

Problem(s) to be Solved by the lnvention]The application wavelength range is also 
expanded by progress of laser beam art in recent years, and, these days, research 
and development in various light corpuscle children in an ultraviolet radiation 
region is especially done briskly. As a light corpuscle child using the nonlinear 
optics single crystal in the light region, its attention is paid to the phase 
conjugate mirror with which the phase distortion of laser can be compensated using a 
photorefractive effect, the SHG element which can generate blue laser from 
ultraviolet, etc. from ultraviolet, for example. However, the phase conjugate mirror 
of the laser of the short wavelength region of a blue light region was not realized 
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from ultraviolet until now, and although the further short wavelength formation was 
needed as for the blue SHG element, compact ultraviolet SHG laser was not realized. 
[0005] Al though it was conventionally known in impurities, such as iron, that LT 
crystal of a ******** KONGURUENTO presentation shows the photorefractive 
characteristic similar to LN single crystal, there was a problem that 
photorefractive sensitivity was small compared with LN single crystal, and the speed 
of response was also very slow. Then, although photorefractive sensitivity was 
raised by adding an impurity so much, since the optical absorption of material would 
increase if an impurity addition is increased and the penetration characteristic to 
used light deteriorated, a phase type three-dimensional hologram element etc. were 
not able to be used for optical application. Since the molar fractions of 
Li 20/(Ta205+Li 20) of the conventional KONGURUENTO presentation LT monocrystal are 
0.4930-0.4853, Li deficit of several percent, the oxygen deficiency, etc. were 
contained, and this was bigger than the quantity of the usually added impurity 
element single or more figures, when an impurity was added so much, in view of the 
viewpoint of crystal production, many macroscopic crystal defects leading to light 
scattering were included in LN single crystal which was difficult for crystal 
training with uniform concentration, and added the impurity by the segregation of 
the impurity, and the thing of quality sufficient as an optical element was not 
obtai ned . 

[0006]On the other hand, since the LT monocrystal of the KONGURUENTO presentation 
which does not add an impurity extremely had too low photorefractive sensitivity, 
there was a problem that it could not use at all in photorefractive application. 
Thus, although the application as a substrate for blue SHG elements is also studied 
from ultraviolet using photorefractive sensitivity being small, The fundamental 
absorption end of the LT monocrystal of the KONGURUENTO presentation was about 280 
nm, the penetration characteristic in the ultraviolet radiation region was not 
necessarily enough, and there was a difficulty in SHG element application by this 
optical absorption. The application to the field of optical measurement control, 
optical information processing, optical working art, a light filter, etc. using a 
laser beam is faced this invention, It aims at providing the LT monocrystal which 
was excellent in the light transmission characteristic, and came out to the 
ultraviolet radiation region, and controlled the photorefractive effect and the 
hologram recording device using this, a phase conjugate mirror, and a wavelength 
changing element/ 
;0007] 

^Means for Solving the Problem]This invention persons have [ that said purpose 
should be attained ] a fundamental absorption end transparent in a light region from 
ultraviolet paying attention to an LT monocrystal which is in a short wavelength 
region most near 280 nm and in a photorefractive crystal, And when a photorefractive 
effect controls a crystal presentation of an LT monocrystal on the occasion of 
crystal training of an LT monocrystal about a characteristic improvement of an 
additive-free LT monocrystal by which ******** observation is not carried out as a 
result of research wholeheartedly, This invention is made for an LT monocrystal 
where does not add a transition metal, and photorefractive effect of ** is [ an LT 
monocrystal ] high and it moreover does not have light scattering and which was 
dramatically excellent in the penetration characteristic being obtained knowledge 
and here. Namely, fundamental absorption end of this invention is smaller [ than 280 
nm ] transparent to an ultraviolet radiation region, Do not add an impurity but ** 
also receives ultraviolet radiation laser. A molar fraction of Li 20/(Ta205+Li 20) 
with an optical diffraction function by a photorefractive effect makes a gist a 
stoichiometry presentation lithium tantalate single crystal of 0.495-0.50. 
[0008]Other inventions, As an impurity. A transition metal of iron or rhodium. It 
added. A molar fraction of Li 20/(Ta205+Li 20) by which it is characterized having 
come out and having increased an optical diffraction function by optical absorption 
and a photorefractive effect in a light region from ultraviolet a stoichiometry 
presentation lithium tantalate single crystal of 0.495-0.50. It is considered as a 
gist. Other inventions are faced manufacturing a lithium tantalate single crystal, A 
melt presentation which added K to Li 20/(Ta205+Li 20) =0.40 - 0.60. Or do not add but 
K from a melt presentation of Li 20/(Ta205+Li 20) =0.56 - 0.60. A molar fraction of 
Li20/(Ta205+Li20) raising a crystal of a stoichiometry presentation excellent in 
optical homogeneity at temperature of 1600 ** or less makes a gist a manufacturing 
method of a lithium tantalate single crystal of 0.495-0.50. 
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[0009]ln a device which carries out writing light diffraction of the hologram 
diffraction grating into a single crystal using a laser beam, other inventions make 
a gist an optical diffraction device using a stoichiometry presentation lithium 
tantalate single crystal. Other inventions make a gist a phase conjugate mirror 
laser device using a stoichiometry presentation lithium tantalate single crystal 
which has the outstanding photorefractive characteristic as a means to compensate 
phase distortion of a laser beam of a visible range from ultraviolet, in an SHG 
element which other inventions make a fundamental wave emitted light from a laser 
light source, and generates a second harmonic by passage to a nonlinear optical 
crystal, Transmi ssi vi ty in the conventional ultraviolet radiation region is not the 
KONGURUENTO presentation which is not enough as said nonlinear optics single 
crystal, A fundamental absorption end makes a gist an SHG element using for a 
substrate a stoichiometry presentation lithium tantalate single crystal which was 
shorter [ than 280 nm ] excellent in a light transmission characteristic in a light 
region from ultraviolet. This invention is explained still in detail below. 

;ooio] 

^Embodiment of the Invention] Fi rst , the molar fraction of Li 20/(Ta205+l_i 20) 
concerning this invention the stoichiometry presentation LT monocrystal of 
0.495-0.50, It is obtained by making it grow up from melt with the Czochralski 
method, the TSSG method, or a floating zone method, and excels in the light 
transmission characteristic to the shortest wavelength band in the photorefractive 
crystal of the inorganic oxide known until now. The stoichiometry presentation LT 
monocrystal of 0.495-0.50 has substantially little unfixed ratio defective 
concentration under crystal, and its completeness of a crystal is also higher than 
the KONGURUENTO presentation of the former [ molar fraction / of Li 20/(Ta205+Li 20) 
by this invention ], There is also little light scattering. Therefore, efficiency 
becomes possible [ providing the wavelength changing element which has the highly 
outstanding performance ] from ultraviolet by using the stoichiometry presentation 
LT monocrystal of this invention in a visible short wavelength region. 
[0011] compared with the single crystal of the conventional KONGURUENTO presentation, 
the sensitivity and speed of response of a photorefractive effect are markedly 
alike, the stoichiometry presentation LT monocrystal concerning this invention can 
raise them, and the big optical diffraction by 2 wave mixing is obtained. For this 
reason, high-speed writing is possible at small light intensity, and even if the 
record time of a hologram moreover compares with other photorefractive crystals, it 
has the feature that it is long, and the application to an image light operation, a 
multiplex recording holograph digital memory, etc. is possible. It becomes possible 
from ultraviolet by using the stoichiometry presentation LT monocrystal of this 
invention to provide the phase conjugate mirror with which the phase distortion of 
the laser beam of a light region is compensated. As a phase conjugate mirror which 
the course which has followed the light which compensated phase distortion can be 
made to spread to an opposite direction, it is the only thing by reversing the 
spatial phase of the ultraviolet radiation wave of short wavelength in real time 
especially. Next, the example of this invention is shown. 

[0012] (Example 1) The precursor powder end of commercial high grade Li2C03, Ta205, 
and K2C03 (respectively 99.99% of purity) was prepared, next, the raw material which 
the ratio of Li2C03:Nb205 mixed at a rate of 0.40 to 60:0.60-0.40 as a raw material 
for raising a stoichiometry crystal -- K2C03 -- 2-10-mol% -- with what was added and 
mixed. The ratio of Li2C03:Nb205 created the raw material mixed to overLi of 0.56 to 
60:0.44-0.40, without adding K2C03. Rubber press shaping of the raw material of a 
presentation of such versatility was carried out with the hydrostatic pressure of 1 
ton/cm2 , respectively, and each was sintered in about 1050 ** oxygen. Next, on the 
occasion of single crystal growth, it was beforehand filled up with the obtained 
sintering raw material in the crucible, then crucible was heated, and melt was 
created. Here, iridium crucible was used as crucible. The seed crystal used three 
kinds of LT monocrystals cut down to x, y, and z axial orientation, respectively. 
Li2C03 :Nb2O5=0. 5 :0. 50 [ first, ] — K2C03 — 5-mol% — training was tried using the 
melt of the added presentation. Melt is held before training for about 20 hours, and 
in order to make a melt presentation equalize, the seed crystal and the counter 
direction were made to rotate crucible slowly by 0.2-rpm earliness when raising. The 
crystal rotation rate was 10 rpm, they set raising speed constant at 0.1 mm/h, and 
training conditions carried out training atmosphere the inside of the nitrogen which 
contains oxygen 0.05%. The stoichiometry presentation LT crystalline of about 25 mm 
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in diameter and about 30 mm in length a size was obtained by training for about two 
weeks. Also when KURRAKU existed in some single crystals obtained here, it saw, but 
the crack was not generated when it raised using the seed crystal of y axial 
orientation, the range of a raw material presentation -- the ratio of Li 2C03 : Nb205 
-- 0.40 to 60:0.60-0.40 -- K2C03 -- 2-10-mol% -- it added, it was a thing, and when 
it raised, the single crystal body was obtained by raising on the same conditions. 
[0013]Next, the ratio of Li 2C03 : Nb205 which does not add K2C03 performed LT 
monocrystal training of the stoichiometry presentation using the raw material 
continuous supply double crucible method using Li overi ngredi ent presentation raw 
material of 0.58:0.42. Inside crucible was filled up with obtained Li overi ngredi ent 
raw material on the occasion of the single crystal growth by a double crucible 
process, outside crucible was beforehand filled up with the stoichiometry 
presentation raw material, then crucible was heated, and melt was created, in the 
double crucible process, crucible has dual structure, and the hole which leads to 
inside crucible from outside crucible is established in the bottom of inside 
crucible. The precursor powder end of the stoichiometry presentation of the quantity 
which measured the crystal growth weight raised from the melt of inside crucible by 
the load cell, and balanced the crystallized amount of growth was automatically 
supplied to outside crucible. By this method, since a crystal was raisable by an 
influx of the raw material from the outside to the inside from the melt which always 
maintained the fixed presentation with the constant depth, the large-sized single 
crystal of homogeneous composition was able to be raised. Here, the crucible used 
for training was made of iridium, the outside crucible was 125-m70 mm in height in 
diameter, and the inside crucible was 85-m90 mm in height in diameter. Also in this 
case, in order to make a melt presentation equalize, the seed crystal and the 
counter direction were made to rotate crucible slowly by 0.2-rpm earliness when 
raising. Training conditions set the crystal rotation rate constant [ raising speed 
of 10 rpm ] at 0.5 mm/h, and carried out training atmosphere the inside of the 
nitrogen which contains oxygen 0.05%. The stoichiometry presentation LT crystalline 
of about 50 mm in diameter and about 70 mm in length a size was obtained by training 
for about one week. Here, the single crystal body was easily obtained by raising on 
the conditions that a raw material presentation is the same when the ratio of 
Li2C03:Nb205 raises from the range of 0.056-0.60. 

[0014]the SUTOIKIMETORI presentation LT crystalline obtained by any above-mentioned 
method is beautiful --it was water-white. Even when training atmosphere was carried 
out especially the inside of the reducing atmosphere which does not contain oxygen, 
the color of the crystal was water-white and as practically equal as what was raised 
in the nitrogen which contains oxygen 0.05%. It is not based on training atmosphere, 
but it is water-white and it can be said to be the big feature of the first 
SUTOIKIMETORI presentation LT crystal to be obtained by this invention that the 
crystal excellent in the penetration characteristic is raisable. This differed from 
the case of the conventional KONGURUENTO presentation crystal greatly. As the 
conventional KONGURUENTO presentation LT crystal, when training atmosphere was 
carried out the inside of the reducing atmosphere which does not contain oxygen, the 
crystal might be colored deep-black. Since the molar fraction of Li 20/(Ta205+Li 20) 
has shifted from 0.4830-0.4853, and a stoichiometric presentation as the KONGURUENTO 
presentation LT crystal of the former [ this ], It is thought that an oxygen 
deficiency becomes introduced [ tend ] by training atmosphere bad as for the 
transparency of a crystal, i.e., transmissivity. Since the domain state inside the 
obtained AZUGU lone crystal was probably in a region state, after heating this 
crystal to the temperature more than Curie temperature, the voltage of about five to 
10 v/cm was impressed from z shaft orientations of the crystal, and the single 
domain was formed by cooling to a room temperature. The size started the 
block-like-shape sample from the LT monocrystal formed into the single domain, and 
mechanochemical polishing performed the surface polish, when the Mach-Zehnder 
interference method estimated the optical homogeneity of the sample, it was checked 
macroscopic being the defect and that an uneven portion is not seen optically, but 
1*10 to five or less are obtained, and the refractive index change in a sample is 
excellent in optical homogeneity. The presentation of the LT monocrystal obtained 
here was evaluated from the Curie temperature for which it asked by suggestion 
thermal analysis. The Curie temperature of each LT monocrystal obtained from said 
raw material presentation is in the range of about 665-670 **, and this temperature 
was in agreement with the Curie temperature of the sample which was prepared to the 
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stoichiometry presentation and sintered at 1500 **, It turns out that it is in an 
elevated temperature far compared with 600-603 ** of the Curie temperature of a 
******** KONGURUENTO presentation LT monocrystal from the conventional KONGURUENTO 
presentation, and the LT monocrystal of a stoichiometry presentation can be raised 
by the method of this invention, when the chemical analysis was also conducted 
simultaneously with measurement of Curie temperature and the presentation of the 
crystal was evaluated, it turned out that a stoichiometry crystal has a molar 
fraction of Li 20/(Ta205+Li 20) in the composition range of 0.495-0.50. 0.4830-0.4850 
were obtained for the molar fraction of Li 20/(Ta205+Li 20) which corresponded with 
the conventional report value well. The Curie temperature of the sample started from 
the crystal of one obtained here did not depend on the logging position of the 
sample, but was constant within the error of measurement, and it was checked that 
the homogeneity of a crystal presentation is also very good. 

[0015] (Exampl e 2) The molar fraction of Li 20/(Ta205+Li 20) raised by this invention 
measured the light transmi ttance of the stoichiometry presentation LT crystal of 
0.495-0.50 with the spectrophotometer with high sensitivity from ultraviolet in the 
light region. As shown in drawing 1, It turned out that the fundamental absorption 
end of a stoichiometry presentation LT monocrystal has a molar fraction of 
conventional Li 20/(Ta205+Li 20) in the short wavelength side from 280 nm of the 
fundamental absorption end of the KONGURUENTO presentation LT monocrystal of 
0.495-0.50. It turned out that a stoichiometry presentation LT monocrystal shows 
high transmi ssivi ty compared with the conventional KONGURUENTO presentation LT 
monocrystal ranging from ultraviolet [ to a blue visible region ], and it excels in 
transparency more especially in the ultraviolet radiation region. Next, when optical 
dispersion inside a sample is observed with a laser tomography device, with a 
stoichiometry presentation LT monocrystal, light scattering is decreasing compared 
with the conventional KONGURUENTO presentation LT monocrystal, and it is thought 
that it originates in crystal completeness of this having improved. 
[0016]The photorefractive characteristic was evaluated from the diffraction 
efficiency in a 2 light-wave mixing experiment of the stoichiometry presentation LT 
crystal raised by this invention. Two coherent light waves called pump light and 
probe light, respectively were made to cross within the LT monocrystal which is an 
optical induction refractility crystal, and two or more interference fringes were 
made to form in a 2 light-wave mixing experiment. Although the space electric field 
corresponding to a spatial intensity change of this interference fringe is formed 
and a refractive index grating is formed during a crystal as that result. Since it 
is in phase, the probe transmitted light which passed the optical induction 
refractility crystal since the phase of a refractive index grating was changing only 
pi/2 to an interference fringe receives diffraction of light intensity, and since 
the pump transmitted light serves as an opposite phase, it receives attenuation of 
light intensity. As a result, the energy from the pump light by 2 wave mixing to 
probe light moved, the optical diffraction of probe light was observed, and 
diffraction efficiency was searched for from the ratio of the probe light intensity 
before and after 2 wave mixing. Here, the green light with a wavelength of 532 nm 
and the ultraviolet argon laser radiation with a wavelength of 363.8 nm which are 
the two-times waves of Nd : YAG laser were used as pump light and a probe light, in 
the experiment, the beam diameter set constant the light intensity ratio of 1 mm, 
pump light, and probe light by 100:1, respectively. The intersecting angles of two 
waves at this time were about 16 degrees. 

[0017]An example of the experimental result which compared the diffraction 
efficiency and response time in a 2 light-wave mixing experiment in the wavelength 
of 532 nm and 363.8 nm about the additive-free stoichiometry presentation LT 
monocrystal and the additive-free KONGURUENTO presentation LT crystal was shown in a 
part of table 1. With the KONGURUENTO presentation LT monocrystal, optical 
diffraction cannot be seen to both a green laser beam with a wavelength of 532 nm 
and ultraviolet argon laser radiation with a wavelength of 363.8 nm, but it means 
that a photorefractive effect is not obtained at all by the used laser beam 
intensity. On the other hand, in the stoichiometry presentation LT monocrystal, 
diffraction of the pump light by a photorefractive effect was observed to both green 
light with a wavelength of 532 nm and ultraviolet radiation with a wavelength of 
363.8 nm. It was shown clearly for the first time from ultraviolet especially from 
these results that it had the characteristic in which the stoichiometry presentation 
LT monocrystal by this invention was excellent as a photorefractive material in the 
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short wavelength region of blue visible light. 

[0018] (Exampl e 3) The precursor powder end of commercial high grade Li2C03 and Ta205 
(respectively 99.99% of purity) was prepared, and the raw material which added iron 
oxide and oxidation rhodium in 5-500 ppm to this was also prepared, in the method 
described in Example 1, and the similar training way, the iron colored brown without 
a crack at about 30-mmabout 40 mm in length in diameter or LT crystalline of the 
stoichiometry presentation of rhodium addition was obtained to Y axial orientation. 
The size created Y cut sample which are thickness after forming the obtained crystal 
into a single domain, and is 2 mm in lOmmxlOmm. The light transmi ttance of the 
sample was measured with the spectrophotometer with high sensitivity from 
ultraviolet in the light region, with the LT monocrystal which added iron or 
rhodium, although absorption increased from ultraviolet in the light range and it 
was dependent also on the heat treatment conditions of a crystal, by the addition 
crystal, the optical absorption coefficient was seen become larger than 1 in the 
field whose wavelength is 300-550 nm. The photorefractive characteristic was 
evaluated from the diffraction efficiency in a 2 light-wave mixing experiment of the 
above-mentioned LT crystal. As laser, green light with a wavelength of 532 nm and 
ultraviolet argon laser radiation with a wavelength of 363.8 nm were used. Table 1 
shows an example as a result of the diffraction efficiency and speed of response 
which were obtained in the 2 light-wave mixing experiment about the added 
stoichiometry presentation LT monocrystal as compared with the result of various 
other presentation crystals. It turned out that diffraction efficiency and speed of 
response of the stoichiometry presentation LT monocrystal which added iron and 
rhodium all improve compared with an additive-free stoichiometry presentation LT 
monocrystal. Compared with the crystal which added the impurity as a KONGURUENTO 
presentation with same stoichiometry presentation LT monocrystal that added iron and 
rhodium, improvement in large diffraction efficiency and speed of response was 
found. The diffraction efficiency of various LT monocrystals and the comparison of 
response time by 2 wave mixing are summarized in Table 1, and are shown. 
[0019] 
!Table 1] 



[0020] (Exampl e 4) The optical laser device which uses the laser beam of ultraviolet 
and visible light next, and writes in a three-dimensional hologram in a single 
crystal was made as an experiment. The composition schematic illustration of a 
device is shown in drawing 2. This device is a volume type hologram memory device by 
the angle multiplex mode using a stoichiometry presentation LT monocrystal with high 
hologram diffraction efficiency of this invention. Digital picture input data is 
developed as a figure on the spatial-light-modulation machine 12. Next, this was 
read by the laser beam and it was considered as the object wave 11 of the hologram. 
The reference wave 18 was entered into this almost right-angled, and the 
interference fringe was written in into LT monocrystal 14 which is a record medium. 
Here, the LT crystal 14 has been arranged so that the c axis of a crystal may make 
it go in the direction of an interference fringe direct, and it was carried on the 
stage 16 with possible making it rotate with high precision. A crystal size is 
lxlxl-cm3. Changing a crystal little by little, the selectivity of black diffraction 
was used and multiplex recording of the data of about 100 sheets was carried out. 
The reference wave 18 was reproduced and these data was changed into the electrical 
signal with the two-dimensional photodetector 17. The hologram which could write in 
the diffraction grating that high diffraction efficiency is expected since the 
feature of hologram recording here is a phase type hologram from which a refractive 
index changes, and only by not needing a development but irradiating with an 
interference fringe, and was written in further once [ this ] is being able to hold 
for a long time. Although it depended for the retention time of the hologram on 
environmental conditions, such as temperature, it turned out that the LT monocrystal 
of a stoichiometry presentation serves as a recorder outstanding from the ability of 
data to be further held [ to the former ] for several months or more by a long time 
rather than usually used LN single crystal. 

[0021] (Exampl e 5) Next the stoichiometry presentation LT monocrystal was used and it 
experimented in the phase conjugate mirror of ultraviolet radiation with a 
wavelength of 363.8 nm of water-cooled continuous-oscillation Ar gas laser. A 
schematic illustration is shown in drawing 3 outside an experiment. This device is a 
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self-pump type phase conjugate mirror device using the single crystal which has a 
big photorefractive effect of this invention. After passing the inputted image film 
2 for the laser beam 1 which polarized horizontally and passing the ground glass 
board which gives phase distortion, the LT monocrystal of this invention is entered, 
if the phase conjugation light generated from the crystal is separated by the beam 
splitter 3 and the observed face 5 is put on a distance equal to the distance to the 
inputted image film 2, the picture thoroughly compensated for the phase distortion 6 
by the phase conjugate mirror will be observed. Thus, according to this invention, 
realization of the phase conjugate mirror to short wavelength, such as ultraviolet 
radiation which was not made in a photorefractive crystal besides the former, is 
possible. 

[0022] (Exampl e 6) It used for the substrate of the SHG element which makes a 
fundamental wave emitted light from a laser light source for the stoichiometry 
presentation LT monocrystal obtained by this invention next, and generates a second 
harmonic by passage to a nonlinear optical crystal, and the SHG element which forms 
and carries out false phase matching of the polarization inversion lattice was made 
as an experiment. The semiconductor laser with a wavelength of 684 nm was entered 
into the end face of the LT monocrystal by lens combination. The place which set the 
polarization inversion cycle of the substrate to about 1.7 mm, and generated 
ultraviolet SH light with a wavelength [ by the primary false phase matching ] of 
342 nm, Since the stoichiometry presentation lithium tantalate single crystal which 
was excellent in the light transmission characteristic in a light region from 
ultraviolet was used for the substrate, the SHG element with high efficiency was 
obtained compared with the former. 
;0023] 

^Effect of the lnvention]As stated in detail above, according to this invention, 
when the molar fraction of Li 20/(Ta205+Li 20) controls the presentation of an LT 
monocrystal to the stoichiometry presentation of 0.495-0.50, are homogeneous and 
quality also in crystal, The LT monocrystal in which diffraction efficiency high the 
penetration characteristic in an ultraviolet radiation region and sufficient to be 
required with a laser device is acquired especially is obtained. By using this 
characteristic, a storage capacity is able to provide the phase conjugate mirror 
laser device of a visible region greatly using a stoichiometry presentation LT 
monocrystal from a three-dimensional hologram optical recording device with long 
retention time, or ultraviolet. The stoichiometry presentation LT monocrystal which 
controlled the photorefractive characteristic may be widely utilized for an optical 
applied technology from these things. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

^Brief Description of the Drawings] 

^Drawing l]The light t ransmi ttance characteristic to a stoichiometry presentation 
and the wavelength of a KONGURUENTO presentation LT monocrystal. 

[Drawing 2]The outline lineblock diagram of the optical laser device which writes in 
a three-dimensional hologram in a single crystal. 

[Drawing 3]lt is a schematic diagram of the phase conjugate mirror laser device 
using an LT monocrystal. 

[Table 4] Diffraction efficiency of the various LT monocrystals for which it asked 
by 2 wave mixing, and comparison of response time. 
[Description of Notations] 

1 A laser beam and 3 [ A lens, 14 LN single crystal, and 15 / A lens and 17 / A 
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two-dimensional photodetector , 18 reference waves ] A beam splitter, 4 LT 
monocrystal s , and 5 An observed face, a 7 crystal C axis, and 12 A 
spati al -1 i ght-modul ati on machine and 13 
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[Drawing 1] 
[Drawing 2] 
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